In this work we show that the simple Hamiltonians used in Quantum Graphity models are highly degenerate, having multiple ground states that are not lattices. In order to assess the distance of the resulting graphs from a lattice graph, we propose a new measure of the equivalence of vertices in the graph. We then propose a Hamiltonian that has a rectangular lattice as a ground state that appears to be non-degenerate. The resulting graphs are close to being a rectangular lattice, and the defects from the perfect lattice seem to behave like particles of quantized mass that attract one another.
Hamiltonian, assigns to a graph an "energy" which is expressed in terms of the adjacency matrix corresponding to the graph. Because the "energy" has to be independent on the specific representation of the graph in terms of an adjacency matrix it must be symmetric under permutation of the vertices of the graph. In previous work [6, 7] the above ideas are used, for example, to construct valence and cycles-preferring
Hamiltonians.
Namely, those
Hamiltonians prefer that the number of edges connecting each vertex to its nearest neighbors (the valence) is identical for all vertices and prefer the existence of cycles of a certain length.
Both ref. [6, 7] show that while certain lattice-graphs are metastable states with local minima of energy for these Hamiltonians, they are not ground states and were not producible in Metropolis simulations. Wilkinson and Greentree (in [7, 8] 
where the sum over B is over all connected graphs.
We employ Metropolis dynamics governed by the equilibrium probability We then discuss the properties of states close to the ground state in Section IV.
Specifically we discuss the formation of defects in the rectangular lattice ground state. These defects can be identified as massive particles interacting via short range attraction. Lastly, the results are summarized in Section V.
II. Energy and Entropy
The basic premise of Quantum Graphity is that the primitive structure from which space emerges in the classical limit is a graph. A graph 
where the partition function of the adjacency matrices is
the sum being over all adjacency matrices corresponding to connected It is clear that
and that
Thus, in principle, the correct weight for the Metropolis dynamics when treating the elements of the adjacency matrix as dynamical variables is proportional to 
For hyper cubic graphs, the number of neighbors in the lattice equals to 2 times the lattice dimension. As this means that vertices' valence is, at least intuitively, connected to the number of dimensions in a lattice-like space, we use a term that will prefer a specific valence Z for every vertex in the graph:
This term is minimal (with 0 value) when every vertex has valence Z. 
where N c is the number of components 
where the maximum is taken over j with i fixed.
(d) The total number of triangles in the graph, T N .
(e) Average path length of the graph:
(f) The graph diameter is the distance between the 2 furthest vertices in the graph.
Our results are consistent for various valences Z and graph sizes N. In these graphs it is difficult to define spatial dimensions in any non-local way, even at low resolutions.
Using the above properties, we made sure that the resulting states do not include different adjacency matrices corresponding to the same graph. Obviously, for a perfect lattice the shell equivalence distance vanishes.
C. Vertex equivalence measure
= ∑ ∑ [ ( ) − ( )] 2 ( − 1) 2 ⁄ =1 ≠ ,(15)
D. Triangle sensitive term
In order to make the ground state more lattice-like, we add terms to the Hamiltonian that will prefer certain desired structures. In particular we chose to add a term that counts triangles in order to induce certain configurations:
We notice that the cubic lattice is a graph with Z=6 nearest neighbors for every vertex and with zero triangles, while the triangular lattice is also with Z=6 but each vertex is a member of 6
triangles. This means that the 
E. Directions generating term
In the following we construct a 
has minimal "energy" for a cubic lattice of d dimensions with periodic boundary conditions, when Z=2d.
We ran Metropolis simulations with the above Hamiltonian for d=2, and failed to reach a ground state (We monitored the "energy" and it never reached zero).
As we did not reach a ground state, we attempted to accelerate the simulation. We have done that by adopting a triple strategy. First we note that the adjacency matrix for a regular lattice is sparse and start from a ring graph rather than from the full graph.
Then we note that for Z>2 the graphs 
IV. Defects
The 
V. Summary and Conclusions
We have presented a number of potential Hamiltonians for Quantum We believe that future work in this field will benefit from the shell distance measure and from direction generating interactions.
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